Peroxisomal enzyme activities in the guinea-pig harderian gland, which has a unique lipid composition, were studied. Activities of catalase, acyl-CoA oxidase and the cyanide-insensitive acyl-CoA fl-oxidation system in this tissue were comparable with those in rat liver. The activities of dihydroxyacetone phosphate acyltransferase (DHAPAT, EC 2.3.1.42) and alkyl-DHAP synthase (EC 2.5.1.26) were appreciable, and the distributions of both activities were consistent with that of sedimentable catalase activity. Glycerol-3-phosphate acyltransferase (GPAT, EC 2.3.1.15), which is localized in both microsomes (microsomal fractions) and mitochondria in the rat liver, was a peroxisomal enzyme in the harderian gland, though the activity was only about one-tenth of the DHAPAT activity. These enzymes had different pH profiles and substrate specificity. The existence of high activities of enzymes of the acyl-DHAP pathway in peroxisomes suggests the physiological significance of peroxisomes in the biosynthesis of glycerol ether phospholipid and 1 -alkyl-2,3-diacylglycerol in the guinea-pig harderian gland.
INTRODUCTION
Generally glycerol phospholipid and triacylglycerol are biosynthesized via phosphatidic acid, which is synthesized by direct acylation of glycerol 3-phosphate (GP) and subsequent acylation of the 1-acyl-GP [1] [2] [3] . On the other hand, dihydroxyacetonephosphate acyltransferase (DHAPAT, EC 2.3.1.42) and alkyl-DHAP synthase (EC 2.5.1.26) participate in the production of glycerol ether lipids [4] [5] [6] [7] [8] . Both enzymes are localized mainly in peroxisomes of guinea-pig liver, though the ultimate glycerol lipids are biosynthesized in the endoplasmic reticulum [9] [10] [11] . Rock et al. [12] reported that the pink portion of rabbit harderian gland contained a preponderance of alkyl glycerolipids. It is known that these ether lipids are actively secreted from this organ [13] . Yamazaki et al. [13] showed that guineapig harderian gland contains a unique lipid which consists of 1-alkyl-2,3-diacylglycerol as the main lipid instead of triacylglycerol.
There have been many investigations on peroxisomal lipid metabolism, but few data are available concerning the peroxisomal enzymes in the harderian gland [12] . In the present study we [15, 16] . DHAPAT, GPAT, alkyl-DHAP synthase and acyl/alkyl-DHAP reductase (EC 1.1.1.101) were determined by the methods described in [17] [18] [19] . Protein contents were determined by the method of Lowry et al. [20] . Materials [32P]DHAP and [32P]GP were prepared as described [17] and [14C]hexadecanol was synthesized from
[14C]palmitic acid [18] . Palmitoyl-DHAP and 1-0-hexadecyl-DHAP were prepared by the method of Hajra Abbreviations used: DHAPAT, dihydroxyacetonephosphate acyltransferase; GPAT, glycerol-3-phosphate acyltransferase; CAT, carnitine acetyltransferase; COT, carnitine octanoyltransferase; CPT, carnitine palmitoyltransferase; M, mitochondrial; LM, light mitochondrial; P, microsomal. et al. [21] . Radioactive compounds were purchased from Amersham Japan. CoA derivatives and nicotinamide nucleotides were obtained from Sigma, and L-carnitine was donated by the Otsuka Pharmaceutical Factory.
RESULTS AND DISCUSSION
The lipid composition of the harderian gland of guinea pig is very different from those of other tissues, inasmuch as it contains alkyl-and branched-chain-fatty-acid moieties and small contents of unsaturated fatty acids [13] . Yamazaki et al. [13] reported that more than 90 % of total lipid in the harderian gland of guinea pig was 1-alkyl-2,3-diacylglycerol. On the other hand, it is known that peroxisomes contain DHAPAT and alkyl-DHAP synthase [9] [10] [11] . We therefore examined the distribution of enzymes participating in the formation of ether lipids in this tissue. Table 1 shows the enzyme activities in the harderian gland of guinea pig. The catalase activity was approx.
-0.5-and 0.8-fold of that of rat liver when the activity was expressed per g of tissue and per mg of protein respectively. The activities of D-amino-acid oxidase and urate oxidase were not detected under the same assay conditions employed for the rat liver enzymes. The activities of fatty acyl-CoA oxidase, the first enzyme of the peroxisomal f-oxidation system, and the system measured in terms of the reduction of NAD+, were also recognized in this organ. The activities of carnitine acetyltransferase (CAT) and carnitine octanoyltransferase (COT) measured by using acetyl-CoA and octanoyl-CoA as substrates respectively, were very high compared with those in rat liver, whereas carnitine palmitoyltransferase (CPT) activity was not high. On a per-gram-of-tissue basis, the activities of cytochrome c oxidase, NADPH: cytochrome c reductase and acid phosphatase, which are representative of mitochondrial, microsomal and lysosomal enzymes respectively, were within the range of 0.3-0.4-fold of those of ihat liver. The activities of enzymes relating to the acyl-DHAP pathway were relatively high. The activities in harderian gland and rat liver were 568 and 68 nmol/min per g of tissue respectively. On the other hand, the activity of GPAT, which is localized in both microsomes and mitochondria of all the tissues reported [22] [23] [24] , was only 0.23-fold of that in rat liver.
Since high activities of CAT, COT and DHAPAT were recognized in the harderian gland, the subcellular distributions of these enzymes were investigated (Fig. 1) . Catalase activity was localized in both the light mitochondrial (LM) and the cytosolic fractions, though the activity in the latter fraction might have been released from peroxisomes during the homogenization procedure. The activities of cytochrome c oxidase and NADPH: cytochrome c reductase were mainly distributed in the mitochrondrial (M) and microsomal (P) fractions. The acyl-CoA oxidase and CPT activities were localized mainly in the LM and M fractions respectively, suggesting the presence of separate fatty acid ,-oxidation systems in peroxisomes and mitochondria of the harderian gland. The activities of CAT and COT were recognized in both M and LM fractions. Since COT and CPT activities showed different distribution patterns, it was considered that, in the harderian gland of guinea pig, the low activity of CPT was not due to the contribution of COT, which has some activity towards palmitoyl-CoA as a substrate. However, at present we do not know whether CAT and COT activities are attributable to the same enzyme protein or not. The activities of DHAPAT, GPAT and alkyl-DHAP synthase were exclusively localized in the LM fraction, and the activity of alkyl-DHAP 
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. [24, 25] . When microsomal ties of DHAPAT and GPAT in samples from rat brain and rabbit lung were examined, low pH optima for DHAPAT activities were also btained by sucrose-densityreported [17, 26] . The determined the activities of DHAPAT and GPAT in the presence of deoxycholate in the assay system (in the range from 0 to the critical micellar concentration), however, both activities were decreased to almost the same extent. It would be of interest to investigate in a future study the distribution of these enzymes in rabbit harderian gland. Fig. 3 shows the effects of GP on DHAPAT activity and of DHAP on GPAT activity. DHAPAT activity was slightly inhibited by 2.5 mM-GP in the reaction mixture. When Lineweaver-Burk plots were constructed in the presence or absence of GP, a slight competitive-type inhibition was observed (Fig. 3a) . On the other hand, GPAT activity was strongly inhibited by the addition of DHAP, in a non-competitive manner (Fig. 3b) . Since the value of Ki (80 ftM) for GP in the DHAPAT reaction is close to the Km value (67 /tM) of DHAP, it is reasonable to consider that the inhibition is due to the competition between common substrates for the same active centre of DHAPAT. The inhibition of GPAT by DHAP did not cause to any change in apparent Km value, though the Vmax. value was markedly reduced. Accordingly it is possible that DHAP associates with the active centre or an adjacent site of GPAT. These results indicate that DHAPAT and GPAT in the harderian gland are different from those observed in other tissues such as liver [27] , extrahepatic tissues [28] and fibroblasts [29] . However, we cannot exclude the possibility that DHAPAT and GAPT activities are manifested by a single protein having dual catalytic sites, i.e. a bifunctional enzyme.
Generally speaking, GAPT is found in microsomes and mitochondria, whereas DHAPAT is mainly localized in peroxisomes and microsomes. In studies on rat liver, Hajra et al. [10, 11] demonstrated that the peroxisomal DHAPAT was responsible for most of the hepatic DHAP acylation, but that the DHAP pathway contributed to only a minor extent to the overall hepatic glycerolipid synthesis. On the other hand, the present data indicated that peroxisomes play a major role in overall glycerolipid biosynthesis in the harderian gland. We conclude that peroxisomes of harderian gland have a very important role in glycerolipid metabolism. Yamazaki et al. [13] showed that the aliphatic chains of I-alkyl-2,3-diacylglycerol in guinea-pig harderian gland were exclusively saturated, and so it appears that the fatty acids of glycerolipid in this tissue were produced endogenously rather than by uptake from the surroundings. Further studies are necessary on the properties of I-alkyl-2-lysophosphatidic acid acyltransferase and on further metabolism in order to establish the physiological significance of the high activities of CAT and COT in the guinea-pig harderian gland.
